1.Introduction
Expression of the proto-oncogene c-fos, a member of the immediate early gene family, is rapidly and transiently induced in neurons of the central nervous system (CNS) depending on their activities (Cirelli and Tononi 2000; Sabban and Kvetnansky 2001) . c-Fos and c-Jun form a heterodimer binding to AP-1 binding site on the promoter region of many cellular genes regulating the transcription of other genes necessary for long-term alterations in neuronal functions (Bohmann et al., 1987; Angel et al., 1988; Chiu et al., 1988; Franza et al., 1988; Curran et al., 1990; Macgregor et al., 1990; Cui et al., 1999) . The expressions of c-fos mRNA and the c-Fos protein possibly reflect the genomic response and neuronal activity of cells to environmental stimuli at cellular levels (Bosch et al., 1995) . In the mammalian and bird, it has been revealed that the expression regions of the c-fos mRNA and c-Fos protein in the brain are central sites of the sensory perception for light, odor, or tastant, and of pharmacological, hormonal and electrical stimuli (Guthrie et al., 1993; Hess et al., 1995; Koistinaho and Sagar 1995; Harrer and Travers 1996; DiNardo and Travers 1997; Schafe et al., 2000) . The c-fos mRNA has been used as a marker for mapping functionally activated neurons (McCabe and Horn 1994; Ueta et al., 2001 ). As we has investigated neural activity underlying fish behavior with goldfish (Carassius auratus), the expression of c-fos mRNA will be useful marker for identification of the activated neuron in the goldfish brain. We anticipate that brain areas showed c-fos mRNA expression are associated with central neurons involved in processing sensory information from environments, learning and particular behaviors in teleost fish 3 brain. Therefore, we firstly tried to isolate a cDNA clone encoding c-Fos from the brain of goldfish treated with kainic acid, which is known as an agonist of glutamate receptors to enhance neural excitability in the brain (Zhang et al., 2002) .
We further investigated the effect of kainic acid on the expression of the c-fos mRNA in the goldfish brain by northern blotting analysis and in situ hybridization.
Materials and Methods

Animal and tissue preparation
Goldfish were obtained from a commercial supplier. Three adult goldfish ranging from 106 to 127 mm in body length were used for cDNA cloning, twenty two goldfish weighing from 52 to 68 mm were for northern blotting analysis, and five adult goldfish weighing from 60 to 66 mm were for in situ hybridization.
RNA preparation
Goldfish were deeply anesthetized with 150 ppm tricaine methanesulphonate solution at 60 min after intraperitoneal administration of kainic acid (6 mg/kg of body weight), and then were sacrificed. Total RNA was extracted from the brain using Isogen (Nippon Gene), and poly(A) + RNA was isolated using QuickPrep micro mRNA Purification Kit (Amersham Biosciences Corp), according to the manufacturer's protocol. PCR product was subcloned and sequenced as described above.
Northern blot analysis
To investigate the expression level of c-fos mRNA in the goldfish brain, northern hybridization was carried out as described previously (Moon et al., 2005) .
Digoxigenin ( 
In situ hybridization
To determine the specific localization of the c-fos mRNA expression in the brain from kainic acid-treated goldfish, in situ hybridization was performed on 8 µm sections of the goldfish brain, referred to (Uchiyama et al., 2002) . The brain from the kinic acid-treated goldfish was fixed in Bouin's solution at 4 °C up to 6 h. Fig.1 ) determined in this study showed the highest similarity to that of another 8 goldfish c-Fos (Ogawa et al., 2002 ) (goldfish2 in Fig.1 ). The two goldfish c-fos would be derived from the common ancestral gene. In the rainbow trout, two partial cDNA clone encoding c-fos had been also isolated (Matsuoka et al., 1998) .
The partial sequences of the two c-Fos showed higher similarity with each other. A phylogenetic tree was derived from an alignment of the amino acid sequences, using the CLUSTAL W program (Thompson et al., 1994) and Tree view (Page 1996) (Fig. 2) . Fish c-Fos would be classified into two groups; cyprinids and one of puffer and salmon c-Fos, based on their primary structures. The multiplicity of the c-fos gene would be a characteristic of fish c-Fos. It must be needed to further comprehensive and prudent investigation to verify the finding.
We next investigated the effect of kainic acid on the expression of the goldfish c-fos mRNA in the brain by the northern blotting analysis. The behavior of the goldfish treated with kainic acid showed the seizures consisted of convulsion and malrotation (data not shown). It is known that kainic acid, which is a glutamate analog, elicits seizures directly by stimulating kainate-type glutamate receptors (Zhang et al., 2002) . From the analysis, the intense signal indicating expression of the c-fos mRNA was observed in the brain of the kainic acid treated goldfish, compared to that of the non-treated goldfish brain (Fig. 3) . We further In the mammalian brain, it has been reported that kainic acid induced an early neuronal activation in the hippocampal-entorhinal axis and the expression level of the c-fos mRNA was largely elevated especially within the hippocampus, limbic lobe and amygdala after administration of kainic acid (Hiscock et al., 2001; Zhang et al., 2002) . These regions belong to the cerebrum in mammals, and are considered to be extremely related to declarative memory, autonomic nervous system and instinctive behavior. Though, in the fish brain, it remains to be revealed where the region of the brain equivalent to these three regions, it might be that the brain areas detected the signal for the expression of c-fos mRNA in telencephalon and diencephalon have a relationship with the three regions (the hippocampus, limbic lobe and amygdala) of the mammalian brain.
In this study, we isolated the cDNA clone encoding goldfish c-fos and investigated the effect of the kainic acid on the c-fos mRNA expression in the goldfish brain. As described above, another c-fos isotype has been found in the goldfish, as well as in the rainbow trout (Matsuoka et al., 1998) . Furthremore, it has been also reported that the expression patterns of the two rainbow trout c-fos mRNA were extremely similar. The sequence of the DIG-labeled cRNA probe used in this study was complementary to the conserved domain, bZIP domain high identical to each sequence of goldfish c-fos isotypes (Fig. 1) . Thus, the DIG-labeled cRNA probe detected both mRNA expression of c-fos isotypes by northern blot and in situ hybridization. It might be needed to investigate the specificity of the probe, but our purpose of this study was to identity the neural active regions in the goldfish brain through the induced expression of c-fos mRNA. Furthermore, the results of a wide-ranging and dramatic induction pattern of the c-fos mRNA in the goldfish 11 brain were consistent with the results reported in other vertebrates treated with kainic acid (Hiscock et al., 2001; Silveira et al., 2002; Zhang et al., 2002) . Therefore, the DIG-labeled cRNA probe used in this study is useful tool to investigate the neural activities in the goldfish brain. We hope that future studies using the probes of the goldfish c-fos will reveal the central sites involved in processing sensory information from environments, learning and particular behaviors such as swimming in the teleost brain.
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